Objectives-Perfusion SPECT and MRI were used to test the hypothesis that late onset depression is associated with brain abnormalities. Tcexametazime (HM-PAO). Temporal lobe templates were fitted with brains pitched by 20°-30°. A subgroup of 41 patients (22 depressed) were also scanned using a Siemens Magnetron 1.0 Tesla magnetic resonance imager, using a FLAIR imaging sequence for the assessment of white matter hyperintensities, and a Turbo FLASH sequence for the measurement of medial temporal lobe width. Results-Demented patients showed reduced perfusion, particularly in the left temporoparietal cortex. In these regions of interest, patients with late onset depression tended to have perfusion values intermediate between patients with early onset depression and demented patients. DiVerences in changes in white matter between demented and early and late onset depressive patients did not reach conventional levels of significance. Temporal lobe width diVered between demented and depressed patients, but not between early and late onset depressed patients. Perfusion and temporal lobe width were not associated, but reductions of perfusion were associated with periventricular white matter changes. Mini mental state examination scores were associated with temporal perfusion in demented patients and with changes in deep white matter in depressed patients. Finally, severity of depressive symptoms was associated with decreased perfusion in frontotemporal and basal ganglia regions of interest.
Depressive illness is common in elderly people. Because of its great impact on patients' quality of life and its potential reversibility, studies of aetiology and accurate diagnosis are of considerable interest. Quantitative in vivo imaging methods allow for the testing of aetiological hypotheses emphasising organic brain changes.
1 If the overlap with healthy volunteers and other patient groups is small enough, scan measures can also be used for the diVerential diagnosis of depression with other conditions associated with cognitive impairment in old age.
Some depressed patients show structural brain changes, such as dilated ventricles and cortical atrophy. [2] [3] [4] [5] These can be associated with a late onset of the illness and an increased overall mortality. 2 Recently, more localised changes in subcortical white matter and in the frontal cortex have been detected with MRI, which gives a higher resolution and greater soft tissue contrast than CT. [6] [7] [8] [9] [10] An excess of changes in white matter has been seen in late onset compared with early onset patients in a well controlled larger study, 11 but not in a smaller replication study. 10 Functional brain imaging studies have tended to show reduced anterior brain function in depressed patients across all ages. [12] [13] [14] A first preliminary single photon emission computed tomography (SPECT) study in elderly depressed patients showed a trend towards reduced anterior brain perfusion, 15 most pronounced in the dorsolateral prefrontal and anterior cingulate cortex in male patients. 16 Patients with onset of illness after the age of 60 performed worse in the digit symbol substitution and the trails A test than patients with early onset, without showing greater decrements in frontal perfusion.
In Alzheimer's dementia, structural and functional brain changes have been examined more extensively. Alzheimer's dementia is an important diVerential diagnosis of depression associated with severe cognitive impairment (pseudodementia). Similarly to depression, CT studies in Alzheimer's dementia show only non-specific global cerebral atrophy with little focal change. [17] [18] [19] Functional imaging methods, such as PET and SPECT, have been more informative. In Alzheimer's dementia brain activity is most often reduced in the posterior, parietotemporal association cortex, usually bilateral, more rarely in an asymmetric fashion. Activity in the frontal association cortex is sometimes reduced in more advanced disease. 20 The localisation of primary pathological changes in temporal areas 21 has led to the investigation and confirmation of medial temporal lobe atrophy on CT and MRI of patients with Alzheimer's dementia. [22] [23] [24] Such medial temporal changes are also observable with high resolution SPECT in patients with early dementia. 25 The present study attempts to integrate some of these findings, focusing on aetiological hypotheses rather than on diVerential diagnosis. Three groups-patients with early and late onset depression and patients with Alzheimer's dementia-were compared using MRI to examine medial temporal lobe width and white matter hyperintensities, and SPECT in a conventional transaxial and a temporal lobe region of interest (ROI) analysis. It was our prediction (hypothesis 1) that late onset cases of depression would show signs of abnormal brain structure and function similar to Alzheimer's dementia, assuming that organic impairment was a predisposing risk factor for depression. If, on the other hand, functional impairment were a consequence of repeated depressive episodes and their treatment, early onset cases would show a more abnormal scan pattern. We further predicted (hypothesis 2) that medial temporal lobe width and perfusion could distinguish between dementia and depression. However, in depression more modest eVects may be associated with the degree of cognitive impairment because floor eVects would not dominate, as in Alzheimer's dementia (hypothesis 3). Finally, we predicted an excess of abnormalities in white matter in late onset depression (hypothesis 4), which would be correlated with the degree of cognitive impairment (hypothesis 5). Such a correlation was judged to be less likely in Alzheimer's dementia, in which vascular changes underlying abnormalities of white matter are not thought to be responsible for the dementia, although recent studies have indicated some contribution of vascular changes in the expression of symptomatic late onset Alzheimer's disease. 26 
27

Subjects and methods
DEPRESSED PATIENTS
Forty six patients fulfilling DSM-III-R criteria for a major depressive episode with or without melancholic or mood congruent psychotic features 28 were recruited into the study from referrals to the Edinburgh old age psychiatry services. Patients were clinically assessed to confirm the diagnosis and to exclude those with associated psychiatric diagnoses, such as alcohol or substance misuse. Depressive symptoms were assessed with the 17 item Hamilton depression rating scale 29 and the Newcastle scale. 30 Patients were also required to complete neuropsychological tests, including the mini mental state examination, 31 and the national adult reading test revised. 32 For scanning purposes patients were required to be either drug free or on a stable dose of antidepressant drugs for at least three weeks. Patients who had been treated with ECT within six months were excluded from the study. Hachinski ischaemia scores ranged from 1 to 8. 33 The patients formed part of a larger group recruited prospectively to study outcome in elderly depressed patients (by EH). Patients found to be demented at two year follow up were excluded from the study ( 34 were recruited from referrals to the Royal Edinburgh and Royal Victoria Hospitals. The geriatric mental state and history and aetiology schedule 35 were used as the basis for a standardised diagnostic interview. Subjects were all living at home and had been diagnosed within 12 months of the time of recruitment. Mean duration of illness was retrospectively determined from all available information and was 2.2 (SD 1.1) years, range 0-4 years. Patients with current evidence or history within the past five years of any neurological condition (including epilepsy, stroke, head injury with loss of consciousness or immediate confusion after the injury, focal brain lesion, migraine headaches) or major psychiatric disorder (including psychosis and major depression and alcohol and substance misuse) were excluded from the study. Physical investigations were carried out to exclude other causes of dementia. Patients with Hachinski ischaemia scores greater than 4 were excluded. 33 Other chronic physical illness was accepted as it is a common feature in the elderly population. Additionally, patients with a previous severe allergic reaction, with kyphosis or other physical deformities making positioning in the scanner difficult, poor visual acuity, or deafness making participation in neuropsychological assessment diYcult, and pacemaker or metal implant contraindicating MRI, were excluded. Informed consent of the patients and their relatives was obtained. Patients were required to complete neuropsychological tests-namely, the mini mental state examination 31 and the revised national adult reading test (NART-R). 32 SPECT PROTOCOL Study protocols were approved by the Administration of Radioactive Substances Advisory Committee (ARSAC) at the UK Department of Health. All patients were imaged with a high resolution (8.5 mm) single slice 12 detector head scanner (Neuro 900, Strichman Medical Equipment Inc, Boston, USA). A plastic cannula was inserted into an arm vein 10-20 minutes before the injection of 500 MBq Tc-exametazime (HM-PAO) over 30 seconds. During the injection and for five minutes afterwards, subjects were lying comfortably resting on the imaging table with eyes closed and covered, and environmental noises were kept to a minimum. The head was positioned in a moulded head support, aligned with the help of two crossed lights and fixed with pressure pads over the zygomatic arches. Slices were acquired parallel to the orbitomeatal plane starting at a level about 2 cm above the orbitomeatal line and at 1 cm intervals above this level.
Two transverse slices were chosen for analysis about 4 cm and 6 cm above the orbitomeatal line. A standard template was prepared by drawing regions of interest over corresponding brain atlas slices. 36 Although this atlas is oriented to an internal anatomical reference (the line between anterior and posterior commissures) the orbitomeatal line is almost parallel with it. 37 The regions of interest (ROIs) include-in the lower slice-frontal, anterior cingulate, anterior temporal, posterior temporal, calcarine, and occipital cortex, as well as caudate, putamen, and thalamus. The corresponding template for the higher slice contains frontal, anterior cingulate, parietal, and occipital cortex. The templates are linearly and symmetrically deformed to fit diVerent brain sizes and shapes using the 20% isocontour line to define the cortical edge. The reliability of this ROI method has been examined previously in both control and patient groups, with interrater errors ranging from 4%-25% for diVerent ROIs, with a mean of 10%. 38 For the fitting of temporal lobe templates, brains were pitched backwards by 20°-30°to display the temporal lobes along their longest anterior-posterior axis. Ten circular regions of interests were fitted as an ensemble to the lateral and medial cortical layers of the temporal lobes. Mean interrater errors ranged from 6%-30%, with a mean of 16.5%. Interrater reliability, and therefore the power to detect group diVerences, deteriorated towards the poles of the temporal lobes, probably related to variability in anatomy (figure).
Regional counts were normalised to the occipital cortex, an area that remains relatively normal in depression and dementia. 39 Lesions in white matter are best visualised (in the absence of a contrast agent) with a T2 weighted scan, in which they are hyperintense. However, CSF is also bright, and periventricular and peripheral white matter lesions can sometimes be missed. FLAIR has been designed to give a heavily T2 weighted scan with excellent contrast, but with the CSF signal cancelled. The sequence is not implemented on Siemens Magnetom imagers. Because of the long T1 of CSF this is a long sequence. To make the collection time feasible, the second slice must start while the first slice is in progress. This requires a double loop structure not available on the Magnetom software. A programme was developed (by JER) in which the collection shift position was explicitly stated so that the loop structure was not required. As this produces fixed shifts, a selection of programmes with diVerent values was written. FLAIR images were examined by an experienced radiologist (JKKB) and scored for periventricular and deep white matter hyperintensities using the methods proposed by Zimmerman et al 40 and Meguro et al.
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A Turbo FLASH sequence (TR 10, flip angle 12°, TE 4, T1 200, TD 500, FOV 250, eVective slice thickness 1.875 mm, number of slices 128, acquisition time 4 min 19 s) was employed for the measurement of medial temporal lobe width. We used the ANALYZE software on a Sun SPARC workstation, following the procedure suggested for CT data by Jobst et al. 23 Scans were reoriented in a plane parallel to the long axis of the temporal lobes, just as SPECT images (see above). A slice was chosen in the middle of the medial temporal lobe, taken from the last slice where cerebellum was visible to the last where brainstem was clearly visible. The narrowest width of the temporal lobe adjacent to the brain stem was determined using calipers. STATISTICS Dependent (scanning) variables were compared between diagnostic groups using analysis of covariance (ANCOVA) with age as a covariate. This was thought to be necessary, because the brain changes predicted were likely to be associated with greater age. Associations were modelled linearly, but also with a quadratic function of age which was to be used if a better fit could be achieved. If three-group comparisons were significant, diVerences between each pair of groups were examined, again controlling for age. No corrections for multiple planned comparisons were used. Correlations between measures of cognitive deterioration (MMSE) and brain measures were, again, controlled for age and computed separately for diagnostic groups. Because of the scale characteristics of the Meguro and Zimmerman scales, the non-parametric Kendall partial rank order correlation coeYcient (partial ) was used to check the validity of the results of parametric correlations. 42 Associations between SPECT and MRI measures were explored using non-parametric correlations (Spearman's ) across diagnostic groups. Confidence intervals for ratios were taken from "exact" confidence interval tables for the binomial distribution. 43 
Results
Six depressed patients were demented at follow up (table 1) . Although as a group they were too few to make any statistical comparisons with the other depressed patients, half had normal MMSE scores. They were excluded from all the following analyses. Table 2 summarises the descriptive and clinical variables for the three groups. Although all age means were within the 70s, and age ranges were similar, depressed patients with an early onset of their illness were significantly younger than demented patients. Groups were well matched for sex, education, premorbid intelligence, and handedness. Demented patients were selected for low ischaemic index; therefore, Hachinski scores were significantly lower in this group. The early depression patients were marginally, but significantly, more depressed than the late depression patients. Although 13% of the depressed patients were cognitively impaired (MMSE<24), as a group their MMSE scores were significantly higher than those of the Alzheimer's dementia group. Table 3 gives the age corrected results of the transaxial ROI analysis (for templates see figure) . Here, as in all age regressions, the quadratic term generated a fit not substantially better than the linear term alone and was therefore omitted. The left posterior temporal cortex was underperfused in demented patients compared with both depressed groups, as was the left parietal cortex compared with the early onset group only. The caudate/ putamen showed significantly lower perfusion in demented than in depressed patients. This eVect may be due to (anterior) ventricular dilatation and the template fitting procedure, which fits to the outline of the cortex without making more than a proportional (aYne) adjustment to the central structures. Table 4 shows the temporal lobe template perfusion results corrected for age. Reduced perfusion in demented patients could be found in region 3 (mesial), region 5 (temporal pole), and regions 6 and 7 (lateral anterior).
CROSS SECTIONAL COMPARISONS BETWEEN EARLY DEPRESSION, LATE DEPRESSION, AND ALZHEIMER'S DEMENTIA IMAGING FINDINGS
After age correction, there were trends for white matter changes to be more pronounced in demented, and perhaps late onset depressed patients, which did not quite reach conventional levels of significance (table 5) . If the side with the narrowest temporal lobe width was taken for each patient, demented patients had significantly smaller values than depressed patients (table 5) .
There were five significant comparisons between the three groups for the left and three for the right temporoparietal cortex (tables 3, 4, and 5). Although there were no significant diVerences between the two depressed groups, it is striking that on the left side the late depression mean values ranged between early depression and dementia, whereas on the right side the late depression means were equal or higher than the means.
The number of partial (age corrected) positive correlations between MMSE and SPECT measures did not exceed random expectation (2/42 = 5%) in depressed patients, but did in demented patients (8/42=19%, 95% confidence interval (95% CI) 9-34%), in whom they occurred mainly in temporal ROIs. The Hamilton depression score was negatively correlated with temporal, basal ganglia, and frontocingulate ROIs (12/42 = 29%, 95% CI 16-45%). There were no correlations between width of the medial temporal lobe and MMSE. Severity scores for deep white matter lesions 41 were negatively correlated with MMSE in the depressed group after controlling for age (partial r =−0.42, df=23, P=0.02).
Correlations across groups between medial temporal lobe width and SPECT measures were no more common than expected by chance (1/84=1%), nor were those with deep white matter lesions (3/42=7%, 95% CI 2-20%). There was, however, a significant number (7/42=17%, 95% CI 7-31%) of negative correlations between changes in periventricular white matter 40 and SPECT measures across all patients-that is, perfusion in the caudate, parietal, and left anterior temporal cortex including ROI 3 and right thalamus.
Discussion
There was no overall diVerence between the late onset and the early onset group, not supporting our prediction that patients with late onset depression would show more abnormal brain scans than those with early onset (hypothesis 1). In measures in which demented patients had abnormally reduced values (tables 4 and 5), both depressed groups had higher values. In the left temporoparietal cortex the perfusion values for the late onset group were between those of the early onset and demented patients. This suggests that the functional or anatomical changes leading to dementia and late onset depression may be partially colocalised.
PERFUSION MEASURES IN WHOLE BRAIN
TEMPLATES
Whereas the abnormalities in basal ganglia in demented patients were probably an artefact of ventricular dilatation (see above), the decrease in perfusion in Alzheimer's dementia, particularly in temporal cortex ROIs and also in the (left) parietal cortex, supports previous results. 20 The absence of frontal reductions in perfusion in the patients with Alzheimer's dementia compared with the depressed groups is consistent with the relatively short duration of illness in the Alzheimer's dementia group, 20 and with the previously reported frontal reduction in some depressed patients. 15 16 
PERFUSION MEASURES IN TEMPORAL LOBE
TEMPLATES
Patients with late onset depression tended to have more abnormal perfusion values in the temporal lobe than early onset patients (table  4) . This suggests that the duration of the illness process has little impact on brain pathology and function. It has been argued that chronic hypercortisolaemia in depressed patients may be associated with hippocampal atrophy, but the evidence for this is weak and contradictory. [44] [45] [46] The data from this study would certainly be more consistent with the notion that duration of illness has no cumulative eVect on regional temporal lobe perfusion.
In the temporal lobe ROI analysis, demented patients showed abnormalities in various areas, but in particular in anterior medial (region 3, hippocampus), and anterior lateral (regions 5-7, temporal neocortex) ROIs. This result is consistent with previous SPECT studies showing hippocampal hypoperfusion in demented patients. 25 47 HIPPOCAMPAL ATROPHY Minimal width of the medial temporal lobe was significantly smaller in demented patients (hypothesis 2), confirming a recent semiquantitative study, 48 which found that anterior hippocampal atrophy classified 84%-89% of cases correctly as demented or depressed. We also found that hippocampal atrophy was unrelated to age of onset or cognitive impairment in depression (hypothesis 3). Whereas other structural measures, such as general cerebral atrophy and ventricular dilatation, seem to show similar overlapping changes in depression of old age and Alzheimer's dementia, 2-5 we can give a cautious endorsement to the use of medial temporal lobe width to diVerentiate depression from established dementia in old age. The inherent lack of reliability of such a one dimensional interactive brain measure makes the development and adoption of three dimensional automated techniques desirable. We were not able to confirm the association of structural medial temporal lobe atrophy with the typical perfusion changes in the parietotemporal cortex reported previously in Alzheimer's dementia. 23 
CHANGES IN WHITE MATTER AND THEIR
CORRELATES
By contrast with the recent report by Fujikawa et al, 11 we could not show a significant age corrected excess of deep white matter lesions in late compared with early onset depression (hypothesis 4). It is possible that greater numbers of subjects will be required to show such an eVect. Cognitive impairment in depression, but not dementia, was correlated with more extensive changes in deep white matter, 
Conclusion
In summary, there is no evidence from our data for greater cumulative brain damage in early onset depression, whether due to eVects of illness, such as high cortisol concentrations, or treatment by drugs or ECT. Changes seen in MRI and SPECT cannot be defined in pathological terms until postmortem, but likely candidates for temporal hypoperfusion and changes in white matter are cerebrovascular changes due to aging [51] [52] [53] [54] [55] [56] [57] and organic dementias such as Alzheimer's dementia. 25 The sharing of one or more of these factors by many patients with early and late onset depression and also with Alzheimer's dementia, would predict an overlap in image appearance and measures between diagnostic groups. Our results may, therefore, provide pointers towards possible aetiological factors underlying depression in old age, but for the development of diagnostic instruments that can diVerentiate pseudodementia from Alzheimer's dementia, large prospective studies with postmortem follow up will be necessary. The web site is at a preliminary stage and there are plans to develop it into a more sophisticated site. Suggestions from visitors about features they would like to see are welcomed. They can be left via the opening page of the BMJ Publishing Group site or, alternatively, via the journal page, through "about this site".
